This paper examines the "price puzzle", the rise in the price level following a contractionary monetary policy shock, using monthly US data from 1960 to 2006. Deviating from the standard practice is including commodity prices to "solve the puzzle", our benchmark VAR contains output, prices, the federal funds rate and M1 money stock, while the augmented VAR includes the 10-year long bond yield. Splitting the sample at October of 1979, we find very contrasting patterns and rationalize them under the changing relationship between money and the funds rate across periods. First, the price puzzle is confined to the pre-Volcker period. Second, in the pre-Volcker period the funds rate respond largely to their own shocks, while the post-Volcker period witnesses a larger role for output fluctuations. Third, positive output shocks are more recently followed by price increases, federal funds hikes, and monetary contractions, very much consistent with the "Taylor rule". Fourth, the "monetarist experiment" of late 1979-1982 reinforces our basic results: the more explicit the reliance on money supply, the less visible the price puzzle becomes.
Introduction
The price puzzle, the rise in the aggregate price level in response to a contractionary innovation to monetary policy, has been well documented in the literature. Vector autoregressive (VAR) models typically included commodity prices to solve the price puzzle. [1] had conjectured that the price puzzle occurs because the Fed has information about future inflation that is not contained in the VAR. Commodity prices may signal the future direction of the economy as shown, for example, by [2] .
Alternatives to commodity prices have been put forward as well. [3] finds little correlation between an ability to forecast inflation and an ability to resolve the price puzzle. [4] agrees that a commodity price index is not needed but argues that the omission of the output gap is shown to spuriously produce a price puzzle. [5] adds forward-looking variables and conclude that "the price puzzle is solved." [6] finds that the price puzzle disappears in periods without large shifts in the level of inflation, such as . [7] employs long-run restrictions to "fix" the price puzzle.
This paper takes a different route, with a focus on the money stock under two markedly contrasting monetary policy regimes. The reconsideration of particular time periods in the price puzzle context is not new. Our emphasis on money, however, is. [8] propose revisiting the role of money in VARs. We conjecture that a monetary aggregate, such as M1, should help identify the monetary policy shocks. The Federal Reserve on October 6, 1979 announced several actions, the "change in operating procedures", which placed emphasis on managing the growth of bank reserves. The new procedures remained in place until October 9, 1982 , when Chairman Volcker announced that the Fed was going to temporarily place less emphasis on M1.
Our VAR models use monthly data for the US from 1960 to 2006 and very conventional identification procedures. We find that the price puzzle is confined to the pre-Volcker period, in which an interpretation through credibility factors is advanced along with a reexamination of the role of money supply in the models. 
The Data

The VAR Model
Following [10, 11] , we identify monetary policy shocks with the disturbance term in: ) can be associated with fluctuations in money velocity or in the technology of financial services. The ordering of variables mirrors previous representative studies on the price puzzle, such as [11] . Larger scale VARs were also estimated, allowing for the reserves market through TR and NBRD. The benchmark
implies that FF rate responds to current innovations in output and prices in a "Taylor rule" fashion: [12] . Money is assumed to respond contemporaneously to the federal funds rate. We do not restrict the VAR model a priori, which is common practice in the price puzzle literature. The augmented model
takes into account inflationary expectations and examines 10-year T-Bond interest rates during the "Volcker disinflation" recorded by [13] .
Results
We apply logarithms to all series, except for interest rates.
The VARs are estimated with 12 lags. Formal serial correlation LM tests on the VAR residuals do not reject the null that no residual correlation exists at lag order h.
Correlation coefficients in Table 1 make clear the distinctive patterns. First, M1 is positively related to FF in the pre-Volcker (0.667) and negatively related to FF in the more recent period (-0.854). The latter would be consistent with an expansionary monetary policy moving the funds rate downwards. Second, interest rates (either the overnight FF rate or the 10-year T-bond) correlate positively (between 0.616 and 0.922) with output and prices in the first subsample but negatively (between -0.703 and -0.904) in the second subsample. Third, prices and commodity prices are strongly correlated, as well as prices and money stock. Figure 2 reports the impulse responses of the benchmark VAR for the pre-Volcker period. For the impulse response functions in Figures 2-5 , the responses to Cholesky one standard deviation innovations (with confidence bands) are plotted in the y-axis and time (in months) is plotted in the x-axis. Several findings are worth exploring. First, in the second row, third column, a persistent price puzzle exists for up to 20 months. Innovations in the FF rate have a positive and statistically different from zero effect on the price level. The variance decompositions (VDs) in Table 2 indicate that monetary policy shocks explain 36.5% (1 year) and 31.5% (3 years) of the variance of prices. Second, monetary policy shocks have a negative effect on output at medium horizons. The corresponding VDs indicate that FF shocks explainafter 3 years-almost half (47.3%) of output variance.
Third, federal funds shocks explain about 57.8% of the variance in the FF rate after 3 years of the shock. Under Taylor's rule, one would expect that a large part of the movements in the funds rate respond to output and prices, which does not happen here. The response in line 3, column 3 of Figure 2 shows a gradually decreasing pattern from the 0.4% response on impact. Figure 3 displays very different patterns for the postVolcker period. There is no price puzzle now: the shortrun response of the price level to FF shocks is slightly positive. In the long-run, however, increases in FF shocks lead to a fall in the price level, as expected. FF innovations explain only 8.25% of the price variance after 3 years.
In the post-Volcker period output innovations have very strong and persistent effects on FF and on M1. For instance, output shocks lead to positive responses of the FF rate which persist in the medium run for 20 months. VDs indicate that output shocks explain 65.1% of the FF variance after 3 years! Also, increases in output shocks lead to negative responses on the M1 stock, which persist throughout the forecasted horizon. Output shocks explain 64.6% of the variance of M1 after 3 years! In contrast to the earlier period, FF shocks now explain only 28.1% of their own fluctuations after 3 years. There is a much steeper decreasing pattern from the initial 0.6% response. When the 10-year bond yields are introduced, the augmented VAR for the pre-Volcker period continues to show a persistent price puzzle until the 20th month. However, the response of i10 to shocks in FF is as follows in Figure 4 : a positive response at about 0.1% after a one standard deviation FF shock that lasts for about 6 months. This suggests that long-term bonds rise (prices fall) after FF innovations, which is consistent with inflationary expectations remaining high after the contractionary monetary policy shock.
The VDs of i10 explained by FF shocks at 36 months, available upon request, arevery much significant for the pre-Volcker sample with 26.1% (std. deviation of 10.64). Figure 4 for the post-Volcker period shows a close to zero response: long-term bonds respond only on impact to innovations in FF. Figure 5 initially reproduces Figure 3 with no price puzzle. If one removes the "monetarist experiment" years, however, there is still a price puzzle in the short-run in lower Figure 5 , while the long-run has a zero response. This implies that reliance on monetary aggregates in the VAR leads to results in conformity with economic theory and away from the price puzzle.
Conclusion
The correlation between money stock and the FF policy instrument has changed remarkably across the two subperiods. Splitting the sample at October of 1979, our VARs do indeed find very contrasting patterns. While the price puzzle is confined to the pre-Volcker period, positive output shocks in the post-Volcker period are followed by price increases, federal funds hikes, and monetary contractions. We interpret our findings under the changing relationship between money and the funds rate across periods. First, the price puzzle is confined to the pre-Volcker period. Second, in the pre-Volcker period the funds rate respond largely to their own shocks, while the post-Volcker period witnesses a larger role for output fluctuations. Third, positive output shocks are more recently followed by price increases, federal funds hikes, and monetary contractions, very much consistent with the "Taylor rule". Fourth, the "monetarist experiment" of late 1979-1982 reinforces our basic results: the more explicit the reliance on money supply, the less visible the price puzzle becomes.
